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EFFECT ON THE LOW-SPEED AERODYNAMIC -STICS OF A 

4 9 O  SWEFTBACK WING HAVING AN ASPECT R A T I O  OF 3 -78 OF 

By Edward F. Whittle, Jr ., and Stanley Lipson 

An investigation has been conducted Fn the Langley full-scale  tunnel 
t o  determine the  effects on the aerodynamic characterist ics of a @.lo 
sweptback wing of blowing a high-energy stream of air over a t ra i l ing-  
edge f lap  and an aileron.. The wing configuration ms investigated  with 
and without a slat and fences. The wing had an aspect  ratio of 3.78, a 
taper   ra t io  of 0.59, and NACA 65~006 airfoi l   sect ions  paral le l  t o  the 
plane of  symmetry. The t e s t s  were conducted a t  Reynolds  numbers of 
2.9 x lo6, 4.4 x lo6, and 6.1 x lo6 corresponding t o  Mach numbers of 0.05, 
0 .O7, and 0 .lo, respectively. 

The results show that significant  increases in l i f t  coefficient and 
an improvement in aileron  effectiveness may be obtained by the blowing 
method of boundssy-layer control on a p l a h   f l a p  and aileron. 

INTRODUCTION 

The reduced l i f t  capabili t ies of conventional high-lift devices when 
applied t o  sweptback-wing aircraf t   const i tute  a severe low-speed perform- 
ance problem. Means for  improving the maximum l i f t  capabili t ies of the 
sweptback w i n g  are being investigated  extensively by the  National Advisory 
Committee for  Aeronautics. 

One method now receiving  attention is  that of  blowing a high-velocity 
( that  is, a velocity that is high relative to the magnitude of the flree- 
stream  velocity) jet of air over the  trailing-edge  flap  with  the primmy 
aim of adding sufficient energy locally as to  ei ther  el iminate  or a t  leas t  
reduce the tendency for flow separation over the  f lap.  This method of 
boundary-layer control appears to be especially  attractive  for  applica- 
t i o n  t o  jet-powered a i rc raf t  inasmuch as a high-pressure  source of air  - would  be readi ly   avaihble .  - 
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Early German two-dimensional tes t s ,  such as  those  reported in ref- 
erence 1, indicated  that  large  increases i n  liFt coefficient could be 
obtained by blowing a high-energy  stream of air over a trailing-edge  flap. k 

A French investigation  (ref. 2) extended the blowing technique t o  applica- 
t ion  on a moderately sweptback wing (31.3O) in conjunction with suction 
a t  about the midchord of the wing. I n  these French tests, approximately 
the  rear 45 percent--oP  the wing chord was divided  into two chordwise seg- 
ments  which could be deflected. As h the ca&e of the   ear l ie r  two- 
dimensional tes ts ,   the   resul ts  appeared t o  be very promising; however, 
analysis of the  effects due t o  blowing is necessazily I M t e d  since only 
a few t e s t s  were conducted with blowing alone over the  trailing-edge  flap 
(zero  suction at the midchord of the a). 

I n  view of the  possibility, then, of incresskg wing lift by means 
of blowing over the trailing-edge  flap,  the method has been extended t o  
the  case of a  highly swept, thin wing. Tests have  been conducted In the 
Langley full-scale  tunnel on a semispan @.lo sweptback UFng having 
NACA 65A006 airfoil   sections,  an aspect r a t i o  of 3.78, and a taper  ratio 
of 0.59. Preliminary t e s t s  were conducted with  a low-capacity blower 
and are  presented in  reference 3.  Because  of the very low preseure r i s e  
and quantity of flow of the blower, no significant  results were obtained. 
The investigation  reported  herein is  a continuation of the  full-scale- 
tunnel blowing t e s t s  but with a multistage,  large-flow-capacity blower. 
The t e s t s  were made with and without a slat- and fences installed and 
with and without blow- over a 6railFng-edge f lap or trailing-edge flap . * 
and aileron.  Tests were ale0 made t o  determine  the r o l l i n g  effectiveness 
produced by blow- air over the aileron. In addition, some chordwise 
pressure  distributions were obtained at the midspan of the  trailing-edge 
f lap in  order t o  study the load change that occurred a~ a result of the 
blowing method  of bomdaq-layer control. 
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The t e s t s  were m & d t  at  Reynolds  numbers of 2.9 x 106, 4.4 x 10 6 , 
and 6.1 x 106 corresponding t o  Mach numbers of 0 .Og, 0 .O7, and 0 .lo, 
respectively. 

COEFFICIENTS AND SYMBOIS 

The data  we  referred to the wind axes with  the  origin at the  quarter- 
chord point of the mean aerodynamic chord. The data have been reduced 
t o  standard NACA nondimeneional coefficients which, together  with  the 
symbols, Etre defined as follows : 

l i f t  coefficient, Twice  model l i f t  
%S 



E k = O  value of % at  OG = 00 f o r  a given  configuration minus 
value of CL at a = Oo for  basic wing 

maximurn lift coefficient 

value of C f o r  a given configuration minus value of %ax 
C b  fo r  basic wing 

Q J B  

CD 

c, 

value of C, f o r  a given  configuration with blowing a t  a 
given  angle of attack minw k l u e  of CL for  the same con- 
figuration  without blowing at the same angle of attack 

drag coefficient,  mice model d r ~  
qos 

pitching-moment coefficient about  quarter-chord  point of mean 

aerodynamic chord, Twice  model pitching moment 

%SE 

. C2 rolling-moment coefficient, Rolling moment 

Sosb 

duct  pressure  coefficient, Ha - Po 
90 

flow coefficient, - Q 
vos 

momentum coefficient in  plane perpendicular t o  blowing slot, 
&PjVj/%S ‘ 

f l ap  section chord-force coefficient, tlf-[: P d(:lf ) 
C ’  f fmax 

flap  section normal-force coefficient, s,’ de) - .. 



?If flap  section hinge-moment coefficient about leading edge of 

P wing surface  pressure  coefficient, P - Po 
. 9 0  

91 resultant wing surface  pressure  coefficient, Pupper - P u m r  

b twice span of semispan wFng model, ft 

C local wing chord measured paral le l  t o  plane of symmetry, f t  

C '  local  w i n g  chord measured perpendicularto 0.50~' line (ddchord 
l ine  of wing in unswept position), ft (see  fig. 1) 

Cav 

C'f 

C ' S  

6 

t 'f 

mean aerodynamic chord, ~2 ay, rt 

average chord of  w i n g  mea S '  affected by the blowing air, 
measured i n  streamwise direction, f t  

local  trailing-edge  flap chord measured perpendicula3. t o  
0 . p ~ '  line  (see f i g .  I), ft 

f ig .  l), f t  
local  slat chord measured perpendicuk t o  0.Wc ' Une  (see 

blowing-slot gap, ft 

flap  section  thickness at various chordwise stations on chord 
per-pendiculm t o  0 .50~  ' line, ft 

maximum flap section thickness on chord perpendicular t o  
0 . 5 0 ~ '   m e ,  f t  

chordwise distance f 'rom leading edge of c'f, ft 

chordwise location from le&t,dFng edge of c * f  of section 
center of pressure 



spanwise location of wing center of gressure, measured from 
and perpendicular t o  plane of symmetry,  2y/b 

l o c a l  s t a t i c  pressure, lb/sq f t  

duct t o t a l  pressure, lb/sq f t  

free-stream s t a t i c  pressure, lb/sq f t  

free-stream dynamic pressure,  lb/sq ft 

twice  mea of semispan wing model, sq  ft 

twice area of semispan wing model affected by blowing 
air ,   sq ft 

POVOE. 
Reynolds number, - 

CL 

free-stream  velocity,  ft/sec 

Jet  velocity of blowing air perpendicular to slot exit ,  ft/sec 

mass density or  free-stream atr, slugs/cu ft 

mass density of blowing air, slugs/cu ft 

coefficient of viscosity of a*, slugs/ft-sec 

twice  quantity of blowhg a i r ,  cu f t /sec 

angle of attack, deg 

flap  deflection  (relative  to wing-chord line) measured per- 
pendicular t0 0.50~ ' l h e ,  deg 

aileron  deflection  (relatfve  to wing-chord l ine)  measured 
perpendicular t o  0 . p ~ '  line, deg 
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MODEL AND APPARATUS 

Model.-  The geometric characteristics and principal dimensions of 
the semispan win@; are .given in figure 1 and detai ls  of the slat, fences, 
and f lap me given i n  figure 2. A photograph of the wing  mounted on the 
reflection plane i n  the Langley full-scale tunnel is given  as  figure 3 
and a description of the reflection  plane i s  given i n  reference 4. The 
wing has 49. lo of sweepback at the  leading edge, an aspect  ratio of 3 48, 
a taper   ra t io  of 0.39, and no geometric twist or dihedral. The a i r f o i l  
sections  parallel t o  the plane of symmetry are NACA 65A006 sections and 
the wing t i p  is half of a body of revolution based on the same a i r f o i l  
section  ordinates. 

The high-lift and stall-control  devices  .used  (see  figs. 1 and 2) 
are: a 0.266~ inboard  trailing-edge  flap having a span of 0.469b/2; 
a 0.266~'  flap-type  aileron, which only  could be deflected down, located 
imediately outboard of the f lap and having a span of  0.234b/2; a 0 . 1 3 ~ '  
leading-edge s l a t  having a span of  0.500b/2,  measured inboard from the 
wing t ip;  and chordwise fences having a height of 0 . 0 6 ~  and located a t  
spanwise stations, measured outboard from the  plane of symmetry, of 0.6b/2 
or 0.6b/2 and  0.8b/2. - 

The nose and q p e r  surface of the slat have the  ordinates of  the 
w i n g  a i r f o i l .  The slat is not an integral paxt of the wing but i s  mounted 
direct ly  onto the unmodified leading edge of the  basic wing with  the slat I 

brackets  alined normal to  the  leading edge  of the wing. The fences axe 
made of l/4-Fnch plywood and are mounted paral le l  t o  the  plane of  
symmetry. 

Just ahead of the  trailing-edge  flap and aileron is a s l o t  ( f ig .  2) 
which  opens into  the upper portion of the gap  between the   a i r fo i l  and 
the f lap  and aileron. The s l o t  is ueed f o r  blowing a high-energy  stream 
of air over the  weer-  surface of the  f lap and aileron. The wing area 
affected by blow3ng over the  f lap  is  76.4 s q w e   f e e t  and the w i n g  mea 
affected by blowing over the  aileron and flap i's 108.0 square feet .  

A t  the midspan of the  flap a th in   s t r i p  of belt  pressure  tubing was 
glued t o  the  surface of the  flap  perpendicular t o  t h e   0 . 5 0 ~  I line  (see 
f ig .  1) at one spaarise  station so that f lap chordwise pressure distri- 
butions could be obtained for several of the  configurations  tested. 

Blower-ducting apparatus.- A modified compressor of a Jet engine, 
driven  through a 2.6 t o  1 r a t i o  gearbox by two 200-horsepower electr ic  
motors in tandem, was used as the pumping source f o r  the boundary-layer- 
control a i r .  The compressor was modified by removing three of the six 
stages in  order t o  reduce the  pressure rise and  horsepower requirements 
f o r  driving  the compressor a t  high flow q w t i t i e s .  The three  remining 
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stages of the modified compressor produced a pressure r i s e  of 1.2 at the 
maximum compressor speed tested. A calibrated  entrance bell, Fnstalled 
at the compressor inlet, was used to determine the mass flow of a i r .  A 
shielded thermocouple and a shielded  total-pressure  tube were wed to 
obtain  the temperature and pressure of the boundazy-layer-control air at 
the w i n g  root. !These temperature and pressure measurements were used 
in  conjunction  with  the hewn flow weight Fn order t o  determine the flow 
quantity of the boundary-layer-control a i r .  

3 

The blower is connected to  the blowing slot ahead of the  f lap and 
aileron by a duct  inside  the wing which extends  through the  reflection 
plane at the w i n g  root. A mercury seal was used beneath the  reflection 
plane between the uing duct and the  stationary blower duct in order t o  
prevent  transmission of forces from the  stationary  duct t o  the w i n d -  
tunnel  scale system. The blowing-slot gap could  be  varied by manually 
adjusting a spanwise ser ies  of thrott l ing  plates.  As a result of 
springing of the wing upper surface at the blowing slot ,   the blowing-slot 
gap, with the blower operating at 9,600 rpm, was about 0.004~ when the 
f lap w a s  deflected and about 0.003~ when the  f lap asd aileron were deflec- 
ted. A rake of shielded total-pressure  tubes was employed t o  check the 
result ing  velocity  distribution along the blowing s lo t .  The velocity 
of the air exiting from and perpendicd-m to  the blouFng slot ahead of 
the  f lap  (aileron blowing slot  sealed)  varied from 415 f t /sec at the  out- 
board end of the flap to 450 f%/sec at the inboard end of the f lap t o  

air exiting from and perpendicular to the blowing s l o t  ahead of the 
aileron and f lap Varied from 388 f t /sec at the outboasd end of the aileron 
t o  448 f t / sec   a t   the  inboard end of the  f lap t o  give  an  Integrated average 
velocity of 404 ft/sec. The largest   vmiation occurred over about the 
inbomd 30 percent of the  f lap span, with the highest velocity at the 
very  inboard end of the  flap. 

- 

* give an integrated average velocity of 423 ft /sec.  The velocity of the 

Tests.- An index of the  test  conditions and configurations  tested 
is  given in  table I. Data were obtained  through an angle-of-attack  range 
from approximately -ko t o  31'. Force measurements  were made to determine 
the lift, drag, pitching moment,  and spanwise center-of-pressure varia- 
t ion  of the  basic wing and the wing with  various combinations of the 
high-lif t  and stall-control devices  without and with blowing a hfgh- 
energy stream of a i r  over the  f lap or f lap  and aileron. The rolling- 
moment characteristics of the  aileron were determined with the  trail ing- 
edge f l ap  neutral  and deflected, and with end without blowing. With 
blarlng,  the flow coefficient CQ w a s  varied by varying either blower 
rotational speed or  tunnel  velocity. 
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Chordwise pressure  distributions were obtained on the  trailing-edge 
f lap  a t  the midspan s ta t ion  for  several test--conditions. Flow studies, 
using woolen tufts attached t o  the upper surface of the w i n g ,  were made 
fo r  several of the w l n g  configurations. The tests were made at Reynolds 
numbers of 2.9 x 106, 4.4 x 106, and 6.1 x 106 corresponding t o  Mach 
numbers of 0.03, 0.07, and 0.10, respectively. 

. 
V 

Corrections.- The data have been corrected for airstream misaline- 
ment, blocking  effects, and jet-boundary effects.  The jet-boundary 
corrections follow the method outlined in  reference 5 for  semispan w i n g s .  
The rolling-moment correction  for  the  effects of the  reflection plane, 
as discwsed  in  reference 4, was obtained from unpublished results based 
on the methods of references 6 and 7. 

h-esentation of drag data.- I n  comparing the drag characteristics 
of a wing egploylng  boundary-layer contro1,by blowing with the drag &ax- 
acter is t ics  of a wlng not e m p l o m  boundary-layer control, account m u s t  
be taken of the following three increments: 

( 1) Aerodynamic drag of the --flap arrangement (including the 
thrust effect of the blow- air). 

(2) Air intake and duct drag due t o  ducting  the  free-stream air t o  c 

the boundary-layer control pump. 

(3) Drag equivalent of the pump horsepower needed t o  produce. the 
I 

required  quantity of boundary-layer-control air and pressure rise at the 
blaring  slot .  . ”  . ” 

The drag coefficients  presented  herein  represent only the first  drag 
increment mentioned  above. The drag data m e  presented i n  t h i s  manner 
because  increments (2) and (3)  would V&IY with any specific airplane- 
duct and blowing-slot  mangement under consideration. Drag increment 
(3) may be found from C ~ C Q .  Since the latter two drag increments have 
been neglected,  the aerodynamic drag data presented  often have a negative - 

value a t  low angles of attack and high values of CQ inasmuch as the - 

thrust due t o  blowing air over the f lap is larger  than the drag of the 
w i n g  configuration. 

Presentation of Results 

The basic data are  presented i n  figures 4 t o  17, and figures 18 
t o  21 present a sUmaa;ry of the more significant results. Figure 22 
illustrates the variation of Cp obtained with CQ for  the subject wFng ,  I .  - 
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A wide range of values of the mment'llm coefficient CP could be 
obtained  during this  investigation  only by using M g e  values of CQ 

and blowing-slot gap, since the compressor and power available  for blowing 
limited  the  available  pressure  rise and thus restricted  this  investiga- 
t i on   t o   t e s t ing  at mderate values of blowing-slot  exiting  velocities. 
Even though the maximwn values of CQ may be unrealist ically high, it 
fs fe l t  that the  effects  obtained me indicative of those that would be 
obtained at similar values of Cp produced by  combining high blowing- 

slot  exiting  velocities  with l o w  flow ra tes   typical  of bleed systems 
having high  pressure and small mass flow tha t  are currently adapted from 

turbo jet -engine installations.  Since 
"Q 

be seen that for  

any given combination of Cp and CQ the r a t i o  V Vo i s  fixed. For 
th i s   f ixed   ra t io  of V Vo, then,  there i s  some value of V, which, if 

exceeded, will require a supersonic Vj. The most c r i t i c a l  CQ - Cp 

combination tested  herein was the  case of CQ = 0.042 and Cp = 0.68 
for  which condition  the limiting value of Vo would be a Mach nuniber 
of 0.12. Therefore, for  -ding or  take-off speeds above a Mach  number 
of 0.12, a supersontc b l o w i n g  jet would be required t o  obtain this af0r.e- 
mentioned CQ - Cp combination. It is of interest   to  note  that ,   for 

the  subject w i n g ,  the  required blowing-slot  pressure  coefficient Cp 

could be accurately estimated by the method of reference 8 which h d i c a t e s  
tha t  Cp f o r  a blow3n.g arrangement of the type tested may be considered 
as being  approximately  equal t o  VJ Vo '. The values  of Cp computed 
by this simple relationship  are 16, 34, and 66 as compared t o  measured 
values of 15,  31, and 70 for  the case of the  flap  deflected 53O and 
correspondlng values of CQ of 0.02, 0 .O3, and 0.04. 

J I  
J/ 

( 1 )  

L i f t  Chaxacteristics 

A sumnary of t h e   m i a t i o n  of %* and with flow coef- 

f ic ien t  CQ and momentum coefficient Ccr i s  presented i n  figures X) 

and 21, respectively. 
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With the slat and fences  installed,  the maximum-lift gah6 obtained 
for  the 0.47b/2 flap  deflected 5 3 O  and the 0.7Ob/2 flap  ( that-  is, f lap 
plus aileron)  deflected 5 3 O  are as follows: 

c 

0.47 0 -39 0*12 0 0 - 94 63 .042 .68 

.46 .16 o 0 
.68 

t I I I I 

I t I I 

0.47 0 -39 0*12 0 0 - 94 63 .042 .68 
r 

The increase in CL obtained by applying  suction on a f lap may be 
attr ibuted t o  the  increased  circulation around the wing associated with 
alleviation of separation on the flap. When applying  suction t o  a flap, 
then, the maxirrfum increase Fn CL is  limited to  that associated  with 
obtaining  the  theoretical  flap  effectiveness. By blowing a high-energy 
stream of air over a flap,  however, the maximum increase in CL can be 
greater  than  the  increase.associated with obtaining  the  theoretical  flap 
effectiveness. This additional  increase i n  CL is probably  associated 
with (I) fo r  a > Oo, a l i f t  component due t o  the  thruet of  the  ejected 
a i r  and (2) an increase in  circulation around the wing due t o  a flow 
condition simulating a physical  extension of the flap chord and Fesulting 
from the momentum of the ejected a b .  

It was of  Fnterest t o  determine whether the  theoretical lift incre- 
ment f o r  EL 0.4p/2 f l a p  deflected 5 3 O  (44' in the streamwise direction) 
was realized by blowing air over the upper surface of the  trailing-edge 
f lap.  It was calculated, by  means of reference 9, that the  theoretical 
lift increment w a s  0.70, and this l i f t  increment was obtained  during  the 
t e s t s  f o r  a = 00 at C~ = 0.25 (CQ = 0.025). 

The results  presented in  figure 21 show that, at  a given value of 
Cp, increasing  the f l a p  deflection from 45O t o  53O produced a small 

increase in  but a c t u a l l y  slightly reduced E h  i n  the Cp - 

range tested. F r o m  a study of cer*ain pitching-moment data, as discussed 
in  the  section on "Pitching-Moment Characteristics," it i e  believed that, 
f o r  the  higher values of  CQ and f lap angle  the blowlng air was not 
properly impinging on the upper surface of  the  flap. It may weU be, 
then, that for a f l ap  deflection of 530 a more eff ic ient  slot arrange- 
ment 'would not only have resulted i n  a higher & than w a s  obtahed - 
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at 6f - 45O, but  correspondingly,  the  theoretical lift increment of 0.70 
could have been obtained a t  a value of Cp lower than 0 25. 

For the 53O flap  deflection,  the  installation of a slat and fences 
had no effect  on & The increase i n  %=, especially at the 

higher values of  Cp, resul ts  from delaying  the  sepmation over the 
outboard sections  to a higher  value of CL. These results  indicate  that  
i n  order to   rea l ize  the fu l l  benefits of a blowing system for improving 
l i f t ,  stall-control devices m u s t  be used to  prevent early s ta lXag over 
the  cri t ically  affected  portion of the win@;. 

L O  
- 

By def lec t ing   the   a i leon   in  combination with  the 0.47b/2 flap, a 
continuous f l ap  spen of  0.7Ob/2 could be obtained. A comparison of the 
relative  effectiveness of the two different f lap  arrangercents with blaring 
can be made either on the basis of equal CQ o r  equal air   quantity Q. 

When compared on the basis of equal CQ, and are  larger 

for  the  larger  f lap span than for  the smaller f lap  span f o r  the range 
of CQ tes ted   ( f ig .  X)).  It should be noted that,  on the  basis of equal 

compressor air quantities, v a l ~ e s  of CQ of approximate- 0.03 ( c ~  = 0.35) 
and  0.04 (Cp = 0.61) for the flapdeflected  configuration correspond t o  

values of CQ of  about 0.02 Cp = 0.21) and 0.03 (Cp = 0.46), respec- 
t ively,  f o r  the  configuration w i t h  the  flap  plus  aileron  deflected. 
Deflecting the aileron, then, reduced the  quantity  being  eJected over the 
f l ap  and probably  reduced the local  circulation on the flapped  portion 
of the wing. However, the increased lift on the outboard par t  of the wing 
containing  the  aileron was such t h a t   a t  low and mderate  angles of attack 
the  overall  w i n g  lift w a s  greater than tha t  obtained by blowkg  the  total  
air flow over the  flap  alone. A comparison of f Gures ll and 12 and fig- 
ures 20 and 21 indicates that, f o r  a given a i r  flow, C k o  w a s  Increased 

about x) percent t o  30 percent by deflecting  the  aileron. Beyond an angle 
of attack of about "0, the w i n g  lift-curve slope  for the O.7Ob/2 f lap  
configuration w a s  reduced as compared to  the case of blowing over the 
0.47b/2 flap.  This  difference appears t o  be a result of a more rapid 
reduction in f lap  load at the moderate angles of attack f o r  the 0.7Ob/2 
flap  configuration due t o  i ts  lower CQ (see  section on "Pitching-Moment 
Characteristics"). The rougher flow obtained at the higher  angles of 
attack over the  deflected  flap and aileron  for  the O.7Ob/2 f lap  arrange- 
ment, as compared to   the  0.47b/2 flap  configuration, i s  evident in fig- 
ure 13. The net  result,  then, was that deflecting  the  aileron t o  53O, 
without  increasing Q, and employing it as a high-lift  device produced 
only a small increase i n  C k .  

%FO 

( 
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Pitching-Moment Characteristics 

The p&icultxr combination oi-sweep, aspect  ratio, and airfoi l   th ick-  . 
ness of the wing used i n  this investigation  resulted  in a severe 
longitudinal-stability problem. Blowing increased the magnitude of the 
l i f t  coefficient at which the   i n i t i a l  unstable pitching-moment break 
occurred  but also tended to  increase  the  severity of this   instabi l i ty .  
In  general,  longitudinal  instability OCCUTS at a l i f t  coefficient about 0.2 
t o  0.3 less thhn L.. Note, fo r  example, the results presented in 

figure 11 for  the 0.47b/2 f h p  deflected 53O, slat and fences  installed. 
For  values of CQ of 0.022, 0.029, and 0.042, an unstable  pitching- 
moment break occurs at values of % of 1.03, 1.14, and 1.34, respec- 
t ively.  For the* respective flow coefficient-s, these lift coefficients 
correspond t o  a w h g  angle of attack of about 70. P a r t  of this  instabil-  
i t y  is  associated  with  unloading of the  f lap at the higher l i f t  coeffi- 
cients . Figure 15 (b) indicates a large reduction i n  f lap normal-f orce - - 

coefficient at the  higher lift coefficients  for the CQ FJ 0.03 f low 
condition. 

In  v i e w  of some previous  investigatfons on swept w i n g s  ( for  example, 
r e f .  10) it i s  probable that, once unseparated flow over the f lap  haa 
been established,  further improvements, and possibly  alleviation, of the 
w i n g  pitch-up  near C h a X  could have been obtained by  a more extensive 

exploration of a combination of leading-edge devices and trailing-edge 
f h p s .  The major e f for t  of this   ini t ia l   invest igat ion,  however, was 
directed towmd  determining the  general  influence of a bounm-layer-  
control system of the type proposed herein on the UFt of the wing. 

The pitching-moment data of figures 7, ll, and 12 show tha t  a posi- 
t i ve  trim shift resul ts  from increased  blaring  effort;  this  result i s  
contraxy to  the  negative trim s h i f t  expected for  a progressive  increase 
in  flap  loading. The unpublished resul ts  obtained for  a wing having the 
same leading-edge sweep, but of a somewhat lower aspect r a t i o  (3.2) , 
showed a similar effect  due t o  nonadherence  of the blowing j e t  stream t o  
the upper surface of the  flap.  In  the  case  of  this lower aspect r a t io  
w i n g ,  employing a guide vane i n  the blowing s lo t  t o  redirect  the jet  
stream, and thus improving the  jet-stream  Werence  to the flap, produced 
an additional trim shif t  of -0.08 as compwed to  the  case of poor jet-  
stream adherence. It is  surmised, then, that for  the subject wing of 
the  present  investigation, nonadherence of the flow over the  f lap probably 
occurred at values of CQ above about 0.03 for  the Sf = 3 3 O  configura- 

tion  (see  fig. 7) and at values of CQ of about 0.02 for  the 6f = 60° 

condition (see f ig .  5 )  . Although this  lack of flow  adherence  appears t o  
have markedly reduced the  f lap loading for  the condition where  6f = 53O 
and CQ = 0.03, as evidenced by t he   s t ab i l i t y   r e su l s -  it does not seem 

c 
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t o  have been severe enough t o  induce separation over the flap  (see  flaw 
studies in  f ig .  13 and flap  section  pressure  distribution in f ig .  14); 
t h i s  suggests that the  section chordwise center of pressure  or  the span 
loading i t s e l f  was also  cr i t ical ly   sensi t ive t o  this particd-er  flap 
system under the  influence of a blowing Jet .  

Coqarison with a conventional high-lif t  flap.- Reference ll reports 
the  resul ts  of t e s t s  conducted with the same used f o r  this Investi- 
gation  but employing a Fowler type  flap having the same span as  the  plain 
flap  tested  herein. Although it is recognized that both  the Fowler f lap  
arrangements of reference 11 and the blowing configuration  investigated 
herein may not represent "optimum" arrangements, it is  believed  that a 
compazison  of the results of these two investigations will be indicative 
of the gains t o  be realized on a wing of large leading-edge sweep. 

I n  judging the comparative effectiveness of these two f lap  systems, 
it should be stated  that   the Fowler f lap had a chord of  0 .20~'   as  compared 
to   0 .266~ '  f o r  the flap  configuration  herein. With a 0.50b/2 s l a t  
instal led and fences  located a t  0.60b/2 and 0.80b/2, the Fowler f lap  
produced l i f t  increments -.- and  of 0.42 and 0.24, respec- 
t ively,  at a deflection of 450 as compared with 0.75 and 0.42, respec- 
tively, for  the blowing f lap  a t  6f = 53O and CQ = 0 .OZ!g. 

E r o m  the  stability  standpoint,  the  negative trim shifts obtained 
with some of the blowing configurations  (see, f o r  example, f i g .  3.2) were 
of the same order o r  less than those produced by the Fowler flap.  

Investigations of various  slotted  flap arrrangements on highly swept 
wings (such as  those  discussed  in ref. 1 2 )  have shown the  highest  effec- 
t ive  f lap  deflection angle t o  be about 45O. However, as demonstrated in 
this  investigation, a f lap  system ut i l iz ing some mechanical means of 
boundary-layer control malrea it possible  to employ effectively  greater 
flap  deflections. 

Flap  Pressure  Distribution 

Typical  results of the  pssure-dis t r ibut ion  tes ts  that were d e  
a t  a s a l e  station  located a t  the miaspan of the  flap  are  presented in 
figure 14. A t  an angle of attack of 15.20, without blowing, the f lap 
was stalled,  but uith blowing at CQ EJ 0.03 the  f lap was not  stalled. 
The flap  section chord-force coefficient, normal-force coefficient, chord- 
wise  center-of-pressure  location, and hinge-moment coefficient  are shown 
i n  figure 15 as a function of %. Without blowing, increasing  the f l ap  
deflection from 300 t o  53O increased  the normal-force coefficient, moved 
the chordwise center-of-pressure rearward, and increased  the hinge-moment 
coefficient  but had little effect on the chord-force coefficient. With - 
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blowing at CQ = 0 .O3 the chord-force coefficient was Fncreased i n  the 
thrust  direction,  the normal-force coefficient was increased,  the chord- 
wise center of pressure was skirted forward, and the hinge-moment coef- c 

f ic ient  wa,s increased. With blowing, increasing  the  flap  deflection 
from wo t o  53O h d - a  -1tiiger-effect-on the chord-force coefficient t& 
occurred in   the case  without blowing. 

Rolling4loment-Characteristics 

All aileron  tes ts  were made with a O.5b/2 slat installed and fences 
located  at 0.6b/2 and 0.&/2 spanwise stations and only  positive  deflec- 
tions of the  aileron. The results of  the  aileron  tests,  with and with- 
out blowing, are  presented in figures 16 and 17. Except as  noted in 
figure l7(b) ,  the  roll ing moments presented  herein  represent  those  for 
a fal-span  configuration  mere the right aileron is neutral (Ea = 00) 
and the   l e f t   a i le ron  .is a t  the  given 6,. 

With the flap aef  lected 53O and with blowing over the  flap and 
aileron, a ser ies   o f . tes t s  were conducted t o  determine the Cz produced 
f o r  a left-aileron  deflection of 250 t o  530. The rol l ing moment f o r  
t h i s  configuration is shown by the  data  aFfigure l7( a) . Figure l7( b) 
comperes the rollin@; moment obtained wFth blowing f o r  a different ia l  
aileron  deflection of loo (right  aileron  deflected 25O and the   l e f t  
aileron  deflected 350) with  the r o l l i n g  moment obtained  without blo- 
for  a left-aileron  deflection of loo with  the  flap  neutral and deflec- 
ted 53'. The superiority of the arrangement wlth blowing i s  quite marked. 

.. 

The results  presented in figures 16 and 17 have been cross-plotted 
and presented i n  figure 18 t o  show more clearly  the  aileron  effective- 
ness  obtained between angles of attack of Oo t o  20°. "he aileron  effec- 

tiveness 3 represents  the average effectiveness  for  the  aileron 
6a 

deflection range tested. In  general, for  aileron  deflections of Oo t o  13O, 
the  aileron  effectiveness, without blowing and with the  flap  neutral, i s  
about &I percent of the  theoretical  effectiveness  estimated by the method 
of reference 13. Blowing over the  aileron  at  CQ = 0.020 with the flap 
neutral   just  about doubled the  aileron  effectiveness. Up t o  an angle of 
attack of  about l5', the  aileron  effectiveness w a ~  about equal t o   t ha t  
predicted by the  theory of reference 13 far aileron  deflections between 
25O and 530 with 6f = 53O and  blowing over the  aileron and f lap at a 
CQ = 0.022. 



An investigation has been conducted to determine the  influence on 
the l i f t  effectiveness of a trailhg-edge  f lap of blowing a high-energy 
stream of air over the upper surface of the  f lap.  Included in the b v e s -  
t igat ion were  measurements  .of the chordwise pressure  distribution  at one 
representative  station on the  f lap and the effect  on the  aileron  effec- 
tiveness of blowing air over the  aileron. The mre pertinent  results 
may be summarized as fo l low : 

1. With a slat and fences  installed and a 47-percent-semispan f lap 
deflected 53O, the maximma increments in l i f t  coefficient  obtained at Oo 
angle of attack and at maximum l i f t  were 0.94 and O_.63, respectively, 
with blowing as compazed t o  0 .% and 0 .l2, respectively,  without blowing. 
For a 70-percent-semispan flap  deflected 53O,  these Fncrements  were 1.14 
and 0.68, respectively,  with blowing as compared t o  0.46 and 0.16, 
respectively, without blowin@;. Although no conclusive  evidence w a s  . 
obtained in this  exploratory  investigation, it is  believed  that  these 
increments in lift coefficient w e r e  not  larger because the blowing air 
did not adhere w e l l  t o  the upper surface of the flap. 

2. For blowing over a 47-percent-semispan flap.  deflected 53O, 
instal la t ion of a slat alleviated  the  early stalling tendencies of the 
outboard sections and produced an increment in the maxFrmun l i f t  coeffi- 
cient of  0.63 as compased t o  0.43 without a slat installed.  

3. With blowing, at a flow coefficient of 0.022, over a 47-percent- 
semispan flap  deflected 5 3 O  and a 23-percent-semispan aileron,  the  aileron 
effectiveness  obtained through  an aileron  deflection range of 25O t o  53O 
was about equal, LQ t o  an angle of attack of about 15O, to   the  a i leron 
effectiveness  predicted by theory. The aileron  effectiveness  obtained 
with blowlng w a s  a considerable improvement over the aileron  effective- 
ness  obtained  without blowing for  the same flap  configuration. 

4. BlowFng a i r  over the trailing-edge  flap caused the f lap  chord 
force t o  become  more negative, the flap normal force  to  increase, the 
f lap  chordwise center of pressure  to move forward, and the f lap  hinge 
moment to  increase. 

Langley Aeronautical  Laboratory, 
National Advisory Cornittee  for Aeronautics, 

Langley Field, Va., F e b m y  17, 1954. 
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WDM OF TEST CONDITIONS AND C O N F I G W I O W G  
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TAZU I.- Concluded. 

l" OF !!XW CONDIX'IONS amD C O ~ G U R A ! T I O ~ S  
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Figure 1.- Plan form of the semispan 49 .lo sweptback wing. AU dimensions 
, ' :  are given; in b C h e 8  unless otherwise noted. 
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Figure 2.- Details of the slat ,  fences, flap. 

. .  . ..  .. ... . .. 



L-76748 
Figure 3 .- !be semispan 49 .lo sweptback wing, wLth a 0.4p/2 plain flap 

deflected, a 0.5b/2 s k t  Instfled, md fences located at 0.6a/2 arad 
0..&/2, mounted on the r e f h c t l o n  plane in the  hugley  full-male 
tunnel. 
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Figure 4.- Effect on aerodynamic characteristic8 of the semispan 
49.1° swep'cback wing of flap deflection. Basic wing; 88 = 0; 
q = 0; R = 6.1 x i o  6 . 
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Figure 4.- Concluded. 
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Figure 5.- Effect on aeroayn&c characteristics of the semispan 
49.1° sweptback wing of flap deflection. Basic wing; 6, = 0; 
CQ = 0.02;.R = 6.1 X u) 6 . 
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Figure 6.- Effect on aerodynamic characteristics of the semispan 
49.1' sweptback wing of CQ. Basic wing; 6f = 45'; 6, = 0'- 
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Figure 7.- Concluded. 
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Figure 9.- Concluded. 
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Figure 10.- Effect on aerodynamic characteristics of the semispan 
49.l0 sweptback wing of flag deflection. 6 ,  = 0'; 0.%/2 sht; 
0.6b/2 fences; $ = 0.03; R = 4.4 X 10 . 6 
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Figure U.- Concluded. 
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Figure U.- Effect on aerodynamic characteristics of the semispan 
49.1' sweptback wing of CQ. 0.5b/2 Slat; 0.611/2 and 0.&/2 fences; 
b f  = 53'; 8, = 0'. 
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Figure 012.- Effect on aerodynamic characteristics of the semlspan 
49.1 sweptback wing of CQ. 8f = 53'; 6a = 53'; 0.5b/2 6ht; 

0.6b/2 and 0.8b/2 fences. 
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a.37 *56  

CC.134 q.96 

ay3.3 q=ms  

C C - 1 3 1  q-135 

Figure 13.- F l a w  studies with and without blowing over the  traixng-edge 
f laps.  0.5?3/2 slat; 0.6b/2 and 0.8b/2 fences; R = 4.4 X lo6. 
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P 

x; /c\ 

(a) 6f = 53'; slat  off; fences off; (b) 6f = 53O; slat  off; fences of f ;  
CQ = 0.03; CL = 1.16. CQ = 0; CL = 0.94< 

o Upper ar foce  
Lower surface 

P 

0 .2 .4 .6 .a 0 .2 .4 .6 .8 
x+; x; /elf 

( c )  Ef = 53'; 0.5b/2 slat; 0.6b/2 (a) 6f = 30'; 0.5b/2 slat; 0.6b/2 
and 0.%/2 fences; CQ = 0.03; 
CL = 1.34. 

. . .  a ~ a  0.&/2 fences; CQ = 0.03; 
cL = 1.23. 

Figure 14.- Q-pical.pressure,dietributions on the trailing-edge flap. 
a = 15.2'; 6a = Oo; R = 4.4 X 10 6 . 
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Figure 15.- The effect of blowing air over the flap,  of flap  deflection, 
and of a slat and fences on flap  section  coefficients.  Sa = Ooj 
R = 4.4 X lo6. 
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Figme 15. - Concluded. 
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(b) Effect of  f l a p  deflection and CQ. 
Figure 17.- Effect on the rolling-moment coefficient of the semispan 

49 .lo sweptback King o f  angle of attack, aileron deflection, flap 
deflection, and CQ. O . p / 2  slat; 0.6b/2 and 0.8b/2 .fences; 
R = 4.4 X lo6. Blowing over the f l ap  and aileron. 
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Figure 18.- Aileron effectiveness without and vtth blowing. 
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(b) Effect of CQ. 0.5b/2 slat; 0.6b/2 and 0.%/2 fences; Bf = 53'. 

Figure 19.- The l i f t  increment due t o  blowing air over the f lap or 
aileron and flap.  
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Figure 20.- Summary of the  effect on A C b ,  and ACh, of CQ, flap 

deflection,  aileron  deflection, a slat, and fences. 



8, Ba Slat, Fences, 
b/2 b/2 

0 45 0 off off 

0 53 
53 0 off  off 

0 .5 .6,. 8 
A 53 53 -5 .6,.8 

0 .2 .4 .6 .8 

CP 

Figure 21.- Sunrmary of the  effect on AC b 0  and Mhl.x 
of momentum 

coefficient,  flap  deflection,  aileron  deflection, and a slat and fencea 
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Figure 22.- Variation of the momentum coefficient with-the quantity of 
flow  coefficient. 




